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Abstract: In this article, silica based triangular lattice PCF has been investigated towards both narrowband and broadband dispersion 
compensation for application in the communication wavelength. A dual core structure is obtained by introducing two different air-hole 
diameters in the cladding of the PCF. Dependence of individual structural parameters towards high negative dispersion (both narrowband and 
broadband) has been investigated in details with multipole mode based solver. The numerical investigation exhibits narrowband of very large 
negative dispersion of −37,300 ps/nm/km around the wavelength of 1550 nm. Present investigation also reports broadband dispersion values 
varying from −800 ps/nm/km to −2600 ps/nm/km over a 200 nm wavelength (1400 nm to 1600 nm) range, and kappa values near 300 nm, 
which matches well with standard single mode fiber. Using the principle of power transfer from the inner core to the outer core after the 
coupling wavelength, we have investigated possible design of ASE suppressed amplifier in which wavelengths after the coupling wavelength 
cannot be amplified as most of the power tunnel to the outer core, where doped ion does not exist. 
 Keywords: Photonic Crystal Fibers (PCFs), Dual Core Structures, Dispersion Compensating Devices, ASE Suppression, Doped Fiber Amplifier. 
 
1. INTRODUCTION 
 
Dispersion which is caused by inline standard Single Mode 
Fiber (SMF) needs to be compensated as it restricts the 
bandwidth of the communication channel and obstructs 
appropriate reproduction of the signal at the receiver end. 
The typical magnitude of the dispersion parameter varies in 
the range of D=10–20 ps/km/nm, with a dispersion slope 
around 0.05 ps/nm2
Though some of these designs can provide higher negative 
dispersion values [6-7], however the technology involved 
remain far more complex.  To minimize the propagation loss 
and to reduce the cost of the dispersion compensating 
modules, the length of the DCFs should be as short as 
possible with very large magnitude of negative dispersion.  In 
order to achieve an efficient compensation of the dispersion 
of all the frequencies of Dense Wavelength Division 
Multiplexing (DWDM) system, the negative dispersion of 
DCFs should cover a wide spectrum. Thus, an efficient 
compensation should deal with both dispersion and 
dispersion slope and thereby matching the kappa values of 
the DCFs and the inlaying fibers. Therefore, while designing 
a DCF; one needs to be particularly careful with some of the 
important parameters such as dispersion, dispersion slope, 
both the kappa values, bandwidth of the spectrum, and mode 
property.  
/km. A variety of different dispersion 
compensating fibers (DCFs) has been studied to achieve 
dispersion compensation around the communication 
wavelength band [1-10]. All solid dual core fibers [1-5], 
Bragg fibers [6-7], and higher order mode [8-10] based DCFs 
designs are studied to achieve the target of dispersion 
compensation.  
The basic principle of DCFs of mode coupling between the 
two cores can be implemented in Photonic Crystal Fibers 
(PCFs) by proper adjustment of available different 
parameters. Conventional PCFs [11-12] have cladding 
structures formed by air-holes with the same diameter 
arranged in a regular triangular or square lattice. By varying 
the air-hole diameter (d) and hole-to-hole spacing (Λ) of a 
PCF, the modal properties, in particular, the dispersion 
properties can easily be engineered. However, a high 
magnitude of negative dispersion in the target wavelength 
cannot be achieved with conventional PCFs with all the air-
holes having same diameters. Though several works based on 
PCFs for dispersion compensation have been reported [13-
17], until now, as far we are concerned, no works considered 
both narrow band and broadband dispersion, which we did. 
Also in the present work, we achieved larger negative 
dispersion values than the one published so far with the 
regular dual-core PCFs.   
Using the principle of DCFs, we worked out a dual-
concentric-core PCF based on pure silica. A relation between 
dispersion and the structure parameters is obtained. Adjusting 
the structure parameters of the fiber, we have designed a 
narrowband DCF with large negative dispersion and a 
broadband DCF with proper kappa values. To the best of our 
knowledge, the value we obtained is the largest negative 
value with a regular triangular lattice PCF. Our numerical 
investigation establishes that while drawing the fiber, even if 
there may be some changes in structural parameters, the 
designed DCFs still demonstrate admirable broadband 
dispersion-compensating properties.  
Subsequently, based on the principle of power transfer from 
inner core to the outer core at the coupling wavelength, we 
have designed a possible ASE suppressed amplifier, where 
wavelengths after the coupling value will not be amplified as 
most of the power tunnels to the outer-core where amplifying 
Erbium ions do not exist. 
2. Geometry of the structure and analysis method: 
Schematic diagram of the dual-core concentric PCF has been 
shown in Fig. 1. The whole fiber is based on pure silica. The 
central solid region is the inner core. The third ring air-holes 
are relatively small, locally raising the effective refractive 
index and forming an annular outer core. Like regular 
triangular-lattice PCF, the hole to hole distance is “Λ” and 
the diameter of the larger air-holes is d1; while the diameter 
of the smaller air-holes (the third ring holes) is d2.  
 
Fig. 1: Cross section of the studied dual core concentric photonic 
crystal fiber. 
We solve the guided modes of the present fiber by the 
CUDOS MOF Utilities [18] that simulate PCFs using the 
multipole method [19-20]. The dispersion parameter D is 
calculated with Eqn. 1 as follows.  
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The confinement loss for the structures has been calculated 
using Eqn. (2).  
) is the real part of the effective indices obtained 
from simulations and c is the speed of light in vacuum. 
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We define a new parameter called kappa as follows 
) is the imaginary part of the effective indices 
(obtained from the simulations) and λ in micrometer. 
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 as the dispersion slope. Kappa denotes the capability 
to compensate the dispersion and its slope at the same time. 
3: Dispersion Analysis of Dual-Concentric-Core  
We started our analysis with Λ=1.20 μm, d1= 0.96 μm, and 
d2=0.48 μm. The modal effective index for the structure for 
both the fundamental mode and outer core mode has been 
shown in Fig. 2 and the corresponding Im(neff) (the loss 
equivalent as presented by Eqn. 2.) of the guided modes are 
presented in Fig. 3.  In Fig. 3 the two lines corresponding to 
inner core and outer core intersect each other at the coupling 
wavelength λc. Figure 4 shows the field distribution of the 
fundamental mode for the three wavelength region, first one 
prior to coupling wavelength (1.50 μm), second one during 
coupling (λ =1.54 μm) and third one after coupling 
wavelength (λ=1.58 μm). It can be observed from Fig. 4(a) 
that the inner fundamental mode is well confined in the core 
with the entire power remaining in the central region. Due to 
the anti-crossing of the two individual (inner core and outer 
core) modes, around the coupling wavelength (λc), the neff’s 
of the two modes come closer to each other and the coupling 
between the modes can take place as can be seen from Fig. 3 
and a rapid change in the slope of the effective index curve 
can be observed as shown in Fig. 2. Figure 3 shows that at λc. 
the loss of the two curves cross each other and there is a 
sharp change in losses in the two curves and after λc the loss 
property reverses between the inner mode and outer mode. 
Figure 4(b) shows that around this coupling wavelength, the 
field starts to spread out from inner core to the outer core. 
For λ>λc,
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 most of the powers spreads from inner to the outer 
core and is well confined there as shown in Fig. 4(c). The 
distinction in the effective indices slope results in a large 
negative dispersion value around the center of the 
communication wavelength as shown in Fig. 5. It should be 
mentioned here that the simulation establishes both the 
fundamental mode and the outer core mode existing in all the 
wavelengths for dual-core PCF structures. The fundamental 
inner core mode will exhibit large negative dispersion as 
shown in Fig. 5. However at the same time the outer core 
mode will exhibit a symmetric but reverse replica with equal 
amount of positive dispersion. To achieve very high negative 
dispersion we need to excite selectively the inner core 
fundamental one only. So it is important to excite the correct 
mode we want. If we can launch a fiber with a mode field 
very close to the inner core mode, we can let the inner mode 
carry most of the transmitted power to achieve our goal. This 
is similar to exciting the circular fundamental mode of a 
fiber. As a consequence, the outer core mode will not carry 
any significant power; therefore its effect can be neglected. 
With this understanding we only discuss the property of the 
inner core fundamental mode for the article. 
 
Fig. 2: Effective indices for the fundamental mode with Λ=1.2μm, d1= 
0.96μm, and d2=0.48μm. 
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Fig. 3: The Im(neff) (loss equivalent) variation of the two modes (in 
linear scale) corresponding to Fig. 2. 
In the following section, the relationship between dispersion 
and structural parameters is presented with Figs. 6-8. The 
effects of variation of bigger air-holes (d1) are represented in 
Fig. 6 (a). With Λ=1.20 μm, d2/d1=0.5, the absolute values of 
the biggest negative dispersion increase as d1 increases (air 
filling rate increases), the corresponding λc is red-shifted, and 
the absolute values of the dispersion slope increase. The 
typical behavior can be analyzed based on Fig. 6(b) which 
indicates that for higher values of bigger air-hole diameter 
the effective indices decreases leading to phase matching 
wavelength shifting towards higher wavelength. Besides, 
smaller refractive indices increases the depth of the refractive 
index profile and thereby suppress the occurrence of the 
optical coupling between the two cores, resulting in more 
incisive tips on the index curves and narrower FWHM. Thus, 
increasing d has the effect of red-shifting the coupling 
wavelength with higher negative dispersion, narrower 
FWHM and vice versa. The dispersion curves of PCFs for 
different d2 are shown in Fig. 7(a). With Λ=1.20 μm, d1 
=0.96 μm, the absolute values of the biggest negative 
dispersion decrease as d2 increases (air filling rate of the 
outer core increases), the corresponding wavelength is red-
shifted, and the absolute values of the dispersion slope 
decrease.  This typical nature can be explained again on the 
basis of effective index curve of Fig. 7(b). For lesser values 
of small air-hole diameter, the effective index difference 
between the two cores of the PCFs decreases resulting in 
phase matching wavelength shifting towards smaller 
wavelength with perceptive tips. Also the visible sharp 
changes of effective indices graphs at smaller wavelength 
results in sharper peak in the dispersion profile and smaller 
FWHM. Hence, with the decrease of small air-hole diameter 
the negative dispersion gets blue-shifted with higher negative 
dispersion along with a narrower value of FWHM and vice 
versa. The effect of changing Λ is presented in Fig. 8. It can 
be observed with d1/Λ=0.8 and d2/d1=0.5 (air-filling rate is 
fixed) that the absolute values of the biggest negative 
dispersion decrease appreciably as Λ increases, the 
corresponding wavelength is red-shifted and the absolute 
values of the dispersion slope decrease appreciably. This can 
be attributed to the case that increasing the values of Λ 
increases the distances between the two cores resulting in 
appearances of rapid slope change of the coupling towards 
higher wavelength. So, increasing Λ has the effect of red-
shifting the coupling wavelength with lower dispersion and 
vice versa. From the above study, we can see, as absolute 
values of the biggest negative dispersion increase, absolute 
values of the dispersion slope increase and the width of the 
dispersion curve loop decrease. In contrast, as absolute 
values of the biggest negative dispersion decrease, absolute 
values of the dispersion slope decrease, and the width of the 
dispersion curve loop increases. Despite the changes in the 
structure of the fibers, the product of the absolute values of 
dispersion and the width of the dispersion curve loop are 
almost invariable. So in practice, we can design narrowband 
DCPCF with large negative dispersion and broadband 
DCPCF with proper kappa values by adjusting the structure 
parameters of PCF.  
(a) 
(b) 
(c) 
Fig. 4: Field distribution of the fundamental mode (a) long before 
coupling (b) during coupling (c) after coupling respectively. 
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Fig. 5: Dispersion curves of PCF with Λ=1.20μm, d1=0.96μm, and 
d2
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Fig. 6: Dispersion values for different values of d1 keeping 
Λ=1.20μm and d2/d1
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Fig. 7: Dispersion values for different values of d2 keeping 
Λ=1.20μm and d1
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Fig. 8: Dispersion values for different values of Λ keeping d1/Λ=0.8 
and d2/d1
4: Design of Dispersion-Compensating Photonic Crystal 
Fiber 
=0.5 
4.1: Large Negative Dispersion Narrowband Dispersion-
Compensating Photonic Crystal Fiber  
With the above discussion of the variation of the dispersion 
with the available structural parameters, we have achieved a 
dispersion values of −37,300 ps/km/nm around 1550 nm, with 
Λ=1.26 μm, d1=1.17 μm and d2
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D=-37,300ps/nm/km around 1551nm with
Λ=1.26µm;d1=1.17µm;d2=0.52µm
=0.52 μm as shown in Fig. 9.  
While optimizing the design, we tried to keep the PCF 
parameters values such that the fabrication design is 
practical. The optimized dispersion value dispersion value 
can compensate for dispersion of 2000 times its length of 
standard single mode fiber used for long-distance optical data 
transmission systems. This value of negative dispersion with 
the regular PCF, which can be drawn with the regular stack 
and draw technique, is the highest to the best of our 
knowledge. 
 
Fig. 9: High negative dispersion value of -37,300ps/nm/km has been 
achieved with Λ=1.24μm, d1=1.17μm and d2
4.2: Broadband Dispersion-Compensating Photonic Crystal 
Fiber  
=0.52μm. 
For broadband dispersion compensation, we have considered 
d1=0.76 μm and d2=0.60 μm for different values of Λ. The 
dispersion values of PCF as a function of wavelength for the 
above parameters are shown in Fig. 10. In the spectral range 
of 1.4 – 1.6μm, dispersion values vary from −800 to −2000 
ps/km/nm (Fig. 8(a)), the dispersion slope values are between 
−3ps/km/nm2 and −6.5 ps/km/nm2 (Fig. 8(b)) with kappa 
values varies between 200 nm to 300 nm (Fig. 8(c)), whereas 
it should be mentioned that the inline SMF-28 has kappa 
value of 280nm around the communication wavelength with 
dispersion values varying between 10 ps/km/nm-20 
ps/km/nm. So the PCF can compensate for the dispersion of 
100 times its length of standard single mode fiber used for 
broadband communication. Since the dispersion and the 
dispersion slope have similar kappa values, they can be 
compensated at the same time. The variation of dispersion, 
dispersion slope and kappa values for different d1 with 
Λ=0.81 μm and d2= 0.56 μm as a function of wavelength are 
shown in Fig. 11.  The behavior of dispersion, dispersion 
slope and kappa as a function of wavelength of the graphs are 
similar to that of Fig. 10 with dispersion varies between −800 
to −2500 ps/km/nm (Fig. 11(a)), the dispersion slope values 
are between −3.5ps/km/nm2 and −9 ps/km/nm2 (Fig. 11(b)) 
with kappa values varies around 250 nm (Fig. 11(c)). The 
variation of dispersion, dispersion slope and kappa values for 
different d2 with Λ=0.82 μm and d1= 0.76 μm values of PCF 
as a function of wavelength are shown in Fig. 12.  The 
natures of the graphs are similar to that of Fig. 10 and Fig. 11 
with dispersion varies between −800 to −2600 ps/km/nm 
(Fig. 12(a)), the dispersion slope values are between 
−3.5ps/km/nm2 and −11 ps/km/nm2 (Fig. 12(b)) with kappa 
values varies around 250 nm (Fig. 12(c)). With the above-
mentioned methodology, best suitable inline dispersion 
compensating effect can be achieved by the associated PCF 
parameters. The present studies demonstrate the sensitivity of 
the parameters for fabrication tolerance. The investigations 
demonstrate that for broadband compensation, dispersion is 
insensitive to the change of structural parameters. Dispersion 
value changes almost linearly with wavelength for change of 
structural parameters (d1, d2
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 and Λ). So with the above 
fabrication tolerance analysis, broadband dispersion 
compensation PCF will be very easy to fabricate with the 
added fact that the PCF will be solely based upon pure silica 
and air-holes.  
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Fig. 10: (a) Dispersion (b) dispersion slope (c) kappa value of the 
PCF as a function of wavelength with for different values of Λ 
(0.80μm -- 0.82μm) for d1 =0.77μm and d2
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Fig. 11: (a) Dispersion (b) dispersion slope (c) kappa value of the 
PCF as a function of wavelength for different values of d1 (0.72μm 
-0.76μm) for Λ=0.81μm and d2
1.40 1.45 1.50 1.55 1.60
-2800
-2400
-2000
-1600
-1200
-800 (A)
Di
sp
ers
ion
 (p
s/n
m/
km
)
Wavelength (µm)
 Λ=0.82µm;d1=0.76µm;d2=0.54µm
 Λ=0.82µm;d1=0.76µm;d2=0.56µm
 Λ=0.82µm;d1=0.76µm;d2=0.58µm
 
 
=0.56μm. 
 
1.40 1.45 1.50 1.55 1.60
-12
-10
-8
-6
-4
-2
0 (B) Λ=0.82µm;d1=0.76µm;d2=0.54µm
 Λ=0.82µm;d1=0.76µm;d2=0.56µm
 Λ=0.82µm;d1=0.76µm;d2=0.58µm
Di
spe
rsi
on
 slo
pe 
(ps
/nm
2 /k
m)
Wavelength (µm)
 
 
 
1.40 1.45 1.50 1.55 1.60
150
200
250
300
350
400
450
500
550
(C) Λ=0.82µm;d1=0.76µm;d2=0.54µm
 Λ=0.82µm;d1=0.76µm;d2=0.56µm
 Λ=0.82µm;d1=0.76µm;d2=0.58µm
ka
pp
a v
alu
e κ
 (n
m)
Wavelength (µm)
 
 
 
Fig. 12: (a) Dispersion (b) dispersion slope (c) kappa value of the 
PCF as a function of wavelength for different values of d2 (0.54μm 
-0.58μm) for Λ=0.82μm and d1
 
=0.76μm. 
 5. ASE suppression with the dual core PCF: 
Amplified Spontaneous Emission (ASE) is responsible for 
reasonable gain in a doped fiber amplifier. Due to strong 
confinement of the mode in the core region, a strong overlap 
between the optical field and the doped region (generally in 
the core) can be anticipated which consequently amplifies the 
input signal. However, after a certain wavelength ASE can be 
drastically reduced [21-26] and therefore it can be applicable 
for different applications like S band (1460 nm to 1530 nm) 
amplifier with ASE, after the required wavelength, 
drastically reduced. Thus, one can engineer the PCF 
geometrical parameters to design required performance in 
terms of gain and ASE suppression.  
We have calculated the overlap factor given by Eqn. 4 which 
is defined as the overlap between the doped amplifying ions 
(here the Erbium ions) and signal optical mode field and is 
calculated as reported in [27, 28] 
2 2
0 0
2 2
0 0
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dr
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where x=s(signal) or p (pump), rd
2 ( , )xE x y
 is the radius of erbium-
doped area and is the electric field intensity of the 
guided wave at 𝜆𝜆x (x=s or p). We numerically compute the 
mode-field distribution of the optimized concentric dual-core 
PCF structure as shown in Fig. 9. In this calculation, we have 
considered that the doped radius to be equal to the Λ/2 of the 
PCF. Figure 13 gives the overlap factor for the optimized 
fiber presented in Fig. 9 with Λ=1.26 μm, d1=1.17 μm and 
d2=0.52 μm with the coupling wavelength of 1551 nm.  
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Fig. 13: Overlap factor variation of the optimized PCF shown in 
Fig. 9. 
Looking at the overlap factor variation for the above 
optimized fiber, it can be observed that the overlap factor is 
80% around λ=1.54 μm and then starts decreasing as the 
wavelength approaches the coupling wavelength, then 
sharply drops below 4% at around λ =1.56 μm, and becomes 
almost zero for longer wavelengths. This suggests that more 
than 96% of the optical power of the inner core mode is 
transferred to the outer ring core. As the active erbium ions 
remain confined in the central core, it is expected that all the 
wavelengths will be attenuated after 1.56 μm. Therefore, we 
can get high overlap factor values for all wavelengths below 
the coupling wavelength and less than 4% of the overlap 
factor for all wavelengths after 1.56 μm for the optimized 
PCF structure. 
By proper design of the available parameters and with the 
above methodology we have presented, we can change the 
coupling wavelength to any values according to the 
requirement. If the coupling wavelength is fixed around 1530 
nm we can have one S band ASE suppressed amplifier which 
will amplify only the wavelength below 1530 nm. 
 
6: Conclusions 
In the present work, we report that for efficient dispersion 
compensation the effect of DCFs can be realized in a PCF 
with two different types of air-hole diameters in the cladding. 
The dependence of different PCF parameters upon the 
dispersion has been studied in details. Based upon the 
findings of the individual parameter dependence of the PCFs 
upon dispersion, both narrowband and broadband dispersion 
compensation can been achieved.  Our numerical analysis 
establishes that, by proper adjustment of the structural 
parameters, one can obtain a narrowband DCF with 
dispersion values of −37,300 ps/km/nm, around 1.55 μm of 
wavelength. This optimized value of negative dispersion is 
the maximum to the best of our knowledge that can be drawn 
with regular stack and drawn technique. The optimized fiber 
can compensate the dispersion of thousand times the length 
of the standard single mode fiber. The dual core PCF was 
also found to be suitable for broadband dispersion 
compensation with dispersion values from −1000 to −2600 
ps/km/nm over the 200 nm range and kappa values near 300 
nm, which matched well with the inlaying standard single 
mode fiber. The designed fiber can compensate for the inline 
dispersion few hundred times its length of standard single 
mode fibers and can be used for dispersion compensation in 
long-haul data transmission and broadband dispersion 
compensation. Finally, we have applied the principle of 
power transfer from inner core to the outer core of dual core 
based structure around the coupling wavelength, to design a 
possible ASE suppressed amplifier, where wavelengths after 
the coupling wavelength cannot be amplifier as most of the 
power tunnels to the outer core after the coupling 
wavelength.  
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